Background: Discrepancies are often noted between management of perihilar cholangiocarcinoma (PHC) in regional hospitals and the eventual treatment plan in specialized centers. Objective: The objective of this article is to evaluate whether regional centers adhere to guideline recommendations following implementation in 2013. Methods: Data were analyzed from all consecutive patients with suspected PHC referred to our academic center between June 2013 and December 2015. Frequency and quality of biliary drainage and imaging at referring centers were assessed as well as the impact of inadequate initial drainage. Results: Biliary drainage was attempted at regional centers in 83 of 158 patients (52.5%), with a technical and therapeutic success rate of 79.5% and 50%, respectively, and a complication rate of 45.8%. The computed tomography protocol was not in accordance with guidelines in 52.8% of referrals. In 45 patients (54.2%) who underwent drainage in regional centers, additional drainage procedures were required after referral. Initial inadequate biliary drainage at a regional center was significantly associated with more procedures and a prolonged waiting time until surgery. A trend toward more drainagerelated complications was observed among patients with inadequate initial drainage (54.7% vs. 39.0%, p ¼ 0.061). Conclusion: Despite available guidelines, suboptimal management of PHC persists in many regional centers and affects eventual treatment strategies.
Introduction
Perihilar cholangiocarcinoma (PHC) is a rare tumor originating in the bile ducts at the liver hilum. It is recognized as one of the most complex gastrointestinal malignancies because of pitfalls in diagnosis and the extensive preoperative optimization that is required in patients with potentially resectable tumors. 1 Most patients with malignant obstructive jaundice require biliary drainage to relieve symptoms, which is attempted endoscopically at the referring center in the majority of cases. 2, 3 However, endoscopic biliary drainage (EBD) in malignant hilar strictures is considered a difficult procedure that requires considerable skill and experience. 4 Moreover, additional percutaneous transhepatic biliary drainage (PTBD) is often required to obtain adequate drainage or to treat drainage-induced cholangitis. 3 Preferably, biliary drainage is performed after adequate radiologic staging and resectability assessment with contrast-enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI), since plastic or metal biliary stents may cause artifacts and periductal inflammation, thereby affecting evaluation of both bile duct and vascular involvement. 5, 6 Importantly, success of biliary drainage has been associated with outcomes in PHC. Initial failure of adequate palliative drainage in patients with unresectable tumors has been shown to result in lower survival. 7 Furthermore, preoperative drainage-induced cholangitis is a major concern as it increases postoperative mortality risk more than three-fold. [8] [9] [10] To minimize the complication risk in potentially resectable tumors, drainage of only the future liver remnant (FLR) segments is advocated, whereas for selected patients with a large FLR volume the risk of drainage-induced cholangitis and related increase in mortality may even outweigh the benefits of biliary decompression. 10, 11 Given the complex treatment strategy in PHC and associated risks of inadequate work-up, recent guidelines, including the European Society of Gastrointestinal Endoscopy (ESGE) and American Society for Gastrointestinal Endoscopy (ASGE) clinical guideline, recommend that resectability assessment, biliary drainage and surgical resection should be performed in high-volume centers, specializing both in EBD and PTBD. [12] [13] [14] [15] In 2013, a national guideline was developed in the Netherlands that specifically recommends not to attempt biliary drainage at regional centers that have limited expertise with both drainage techniques. 16 The aim of this study was to evaluate whether regional centers adhere to these recommendations following implementation in 2013.
Materials and methods

Study population
All consecutive patients with suspected PHC who were referred to the Academic Medical Center (AMC) in Amsterdam, the Netherlands, between June 2013 and December 2015 following introduction of the national guideline in May 2013, were selected from a prospectively maintained database. PHC was defined as a tumor mass or seemingly malignant stricture at or near the biliary confluence, arising between the origin of the cystic duct and the segmental bile ducts. 17 Within the Netherlands, the AMC is considered the largest tertiary referral center for the management of PHC. A waiver was granted from the institutional review board for approval of this retrospective study.
All patients and radiological imaging were discussed in a multidisciplinary, hepato-pancreato-biliary team meeting (MDT), which included surgeons, gastroenterologists, radiologists, pathologists and medical oncologists. Additional imaging, usually with CT, was indicated when the initial CT scan did not include adequate contrast-enhanced series (according to guideline) enabling assessment of vascular tumor involvement. Patients with potentially resectable tumors underwent a further preoperative work-up in our center, whereas patients with unresectable disease either underwent (additional) palliative biliary drainage with stenting and chemotherapy in our center or in the referring hospital according to patients' preferences. Additional biliary drainage in our center was indicated when prior endoscopic or percutaneous drainage at the regional hospital had failed to obtain adequate drainage with ongoing cholestasis in the FLR and/or elevated total bilirubin level. In unresectable patients, drainage of more than 50% liver volume was ensured. 13 The optimal method for additional drainage procedures was decided at the MDT meeting, based on the cause of failure of drainage and individual biliary anatomy.
Study endpoints
The primary endpoint of this study was the compliance of referring centers to guideline recommendations, specifically with regard to imaging and biliary drainage. Guidelines recommend a multiphase contrast-enhanced CT including a late arterial and portal-venous phase. 12, 14, 16 An MRI (with magnetic resonance cholangiopancreatography (MRCP)) may be additionally performed. We analyzed whether biliary drainage was performed prior to referral and the outcome of biliary drainage was reported in terms of technical and therapeutic success. Technical success was defined as successful bile duct cannulation with stent/catheter placement providing internal biliary drainage. 3 Therapeutic success of the initial procedure was defined as a more than 50% decrease in total bilirubin level within two weeks 18, 19 or, when laboratory values were missing, as a decrease in jaundice and cholestasis. A decrease in cholestasis was defined by diminished bile duct dilatation in the drained liver segments on subsequent imaging. The need for additional imaging and/or biliary drainage at our center was also assessed.
Secondary outcomes were the total number of drainage procedures required, the time interval between diagnosis or suspicion on PHC (on imaging or at endoscopic retrograde cholangiopancreatography (ERCP)) and surgery, and drainage-related complications in the referral center and in our center. Complications of biliary drainage in our center were scored until 30 days after the procedure in palliative patients and until surgery in potentially resectable patients. In particular, the incidences of cholangitis, pancreatitis, bleeding, perforation and stent dysfunction were assessed. Stent dysfunction was defined as rising bilirubin level after initial therapeutic success, without signs of cholangitis, requiring new bile duct cannulation. Lastly, the impact of inadequate initial biliary drainage (technical failure or therapeutic failure) on the incidence of complications, total number of required drainage procedures and interval until surgery was assessed.
Data regarding imaging, indications for biliary drainage, technical aspects of biliary drainage at the regional center, laboratory values and complications were retrieved from referral letters, reports of CT and MRI, and from ERCP or PTBD reports and images, which were all accessible from the electronic patient files.
Statistical analysis
Continuous variables are presented as mean AE standard deviation (SD) or median with interquartile range (IQR) for variables that did not follow a normal distribution. Categorical variables are expressed as counts with percentages. Univariable analysis of the impact of inadequate initial drainage on the incidence of complications and time interval until surgery was assessed using Pearson's chi-squared for categorical variables and using Mann-Whitney U or unpaired t-test for continuous variables. Analyses were performed using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp., Armonk, NY, USA). Two-tailed p values of < 0.05 were considered to indicate statistical significance.
Results
Study population
A total of 170 patients with suspected PHC were discussed at our MDT within the study period. Twelve patients were excluded from further analyses as seven patients were referred for a second opinion after evaluation in other tertiary centers and five patients were primarily seen in our center. Characteristics of the remaining 158 patients, all referred by clinicians from other centers, are listed in Table 1 . Patients were referred from 44 regional centers (median four patients per center (IQR: 1-5)). Patients had a median age of 66 years, included 104 males (65.8%) and presented with jaundice in the majority of cases (75.9%). Median time interval between first suspicion of PHC at the regional center and referral to our MDT was 11 days (IQR: [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In 39 of 158 cases (24.7%), the time to referral was 21 days or more.
Diagnosis and resectability assessment
The referral diagnosis was changed by the tertiary MDT for 19 patients (12.7%); 12 patients had other malignant tumors and seven patients were diagnosed with benign disease (bile duct stones or fibrosing/sclerosing inflammation). Judgment of resectability based on available imaging was made in 21 of 158 (13.3%) patients at the regional centers. Of 15 patients who were deemed unresectable before referral, five patients (33.3%) were considered to have potentially resectable disease after revision in our MDT. At the regional hospital, these patients were believed to have unresectable tumors because of bilateral segmental biliary involvement (Bismuth-Corlette type 4) or large tumor size. Two of these patients eventually underwent resection. Of six patients who were judged to have resectable PHC at the regional hospital, one was considered to have unresectable disease upon staging in our tertiary MDT and one patient was diagnosed with a benign inflammatory biliary stricture. Ultimately, according to the MDT, 55 patients (34.8%) had unresectable tumors, whereas 96 patients (60.8%) were considered to have potentially resectable PHC (Table 1) . Imaging Table 2 provides an overview of imaging techniques and CT scanning protocols at the regional centers. A CT scan was performed in 144 patients (91.1%), but a multiphase contrast-enhanced CT protocol (according to guideline) was used in only 76 cases (52.8%). An MRI/MRCP was performed in 69 centers (43.7%), mostly in addition to CT. The CT and/or MRI reports included information on biliary tumor extension in only 42.4%, vascular involvement in only 29.7% and presence or absence of metastases in 78.5% of cases. Additional CT imaging to adequately assess tumor staging by the MDT radiologist in our center was required in 64 patients (40.5%) at our center.
Biliary drainage at regional centers
Of the 158 patients, 83 (52.5%) had undergone a drainage attempt at the regional center before referral. Indications for biliary drainage at the regional center are listed in Table 3 . Most patients had suspicion of a malignant hilar obstruction (based on imaging) prior to the drainage procedure. ERCP was performed in all but two patients who underwent PTBD. Technical success after the initial procedure was achieved in 66 (79.5%) patients and eventually in 69 (83.1%) patients after additional procedures at the regional center. Therapeutic success was achieved in 37 of 74 (50%) jaundiced patients. More than one biliary drainage procedure was required in 38 (45.8%) patients. Additional PTBD was performed in 14 (16.9%) patients at regional centers. Drainage-related complications occurred in 38 (45.8%) patients and more than one complication was observed in 10 (12.0%) patients. Cholangitis (18.1%) and stent dysfunction (16.9%) were the most frequently observed complications (Table 4 ). Six patients had such a deteriorated condition due to complications that they were considered no candidates for surgery upon presentation at our center. In 13 (15.7%) of the patients who underwent drainage, no CT or MRI was performed prior to the procedure. One of these patients presented with cholangitis, and biliary stones were suspected in four patients. Eventually, these patients were all diagnosed with PHC.
Biliary drainage at tertiary center
In 45 of the 83 patients (54.2%) who had undergone previous drainage at the regional center, additional biliary drainage was deemed necessary by the MDT at our center. Main indications were stent dysfunction or inadequate drainage of the FLR in patients with potentially resectable tumors (Table 4 ). In total, 96 patients, including those without a previous drainage attempt, underwent biliary drainage at our center. ERCP was chosen as the preferred method in 63 patients (65.6%) and PTBD in 33 (34.4%). Additional PTBD after ERCP was required in 17 patients (27%) to achieve complete drainage and, overall, more than one biliary drainage procedure at our center was required in 44 patients (45.8%).
The risk of drainage-related complications was comparable at our center as 39 events (40.6%) were observed (Table 4 ). More than one complication occurred in eight patients (8.3%). A summarizing overview of imaging and biliary drainage at regional centers and implications for management at our center is provided in Figure 1 .
Impact of inadequate initial biliary drainage
Inadequate initial biliary drainage was observed in 53 patients (33.5%) and was associated with a higher number of total drainage procedures (p < 0.001) and nearly four-week longer interval until surgery (p ¼ 0.006) ( Table 5 ). There was a trend toward more drainage-related complications among patients who had undergone inadequate initial drainage (54.7% vs. 39.0%, p ¼ 0.061).
Surgery outcomes
Eventually, 60 patients underwent laparotomy and resection was performed in 31 patients (51.7%). In three of 31 cases (9.7%), final histopathological examination revealed benign disease. Postoperative 90-day mortality was 9.7% (3/31). There were no differences in the incidence of post-resection complications between patients who had undergone initial inadequate or adequate biliary drainage.
Discussion
The present study shows that many patients with suspected PHC do not undergo the recommended work-up in regional centers prior to referral and further treatment in a tertiary center. Despite the availability of a national PHC guideline and clinical guidelines from the European and American societies for endoscopic biliary stenting, half of patients still undergo a biliary drainage attempt at non-tertiary referral centers with low success rates.
An important finding of the present audit, which was conducted following implementation of the Dutch national guideline in 2013, was that therapeutic success of drainage at regional centers was achieved in only half of patients. Although the rate of endoscopic attempts prior to referral was somewhat lower than previously reported (53% vs. 72%), the need for additional drainage at our center had not decreased (54% vs. 41%). 3 The most frequent indications for additional procedures were inadequate drainage of the FLR in patients with potentially resectable tumors and stent dysfunction. Furthermore, some patients with unresectable PHC also required adequate palliative stenting after initial drainage. One of the reasons for referring physicians to attempt drainage in their own center may be a lack of awareness of the adverse outcomes after failed Table 4 . Outcomes of biliary drainage at regional and tertiary center. PTBD: percutaneous transhepatic biliary drain; FLR: future liver remnant; n/ a: not applicable. a This group also included patients who had undergone previous drainage at the regional center. b Perforation of duodenum (3) in regional center and perforation of bile duct (1) at tertiary center.
or complicated biliary drainage. In the present study, patients who had undergone inadequate initial biliary drainage in the regional hospital required more procedures and had a longer time interval until surgery. Furthermore, a trend toward more drainage-related complications was observed in these patients. Previous studies have also shown a clear correlation between drainage-induced cholangitis and mortality after resection and between drainage failure and survival in the palliative setting. 7, 10, 20 The overall relatively high therapeutic failure rate and inadequate drainage of the FLR in the study period resulted in exposure of patients to multiple drainage procedures and, consequently, to unnecessary risks of complications. The observation that the complication risks of biliary drainage were comparably as high in the regional hospitals as in experienced hands in our center, underscores the complex nature of drainage in hilar obstructions. Considering these high failure rates and complication risks, this demanding procedure should be performed in specialized centers with extensive expertise both in endoscopic and percutaneous biliary drainage techniques, especially as PTBD is often needed to salvage segmental cholangitis. Tumor staging is of the utmost importance in order to decide which liver segments should be drained in suspected PHC. 1, 13 The surgical plan, which depends on bile duct and vascular involvement on imaging, often determines the desired drainage strategy. However, radiological staging of PHC is complex, Patients with suspected PHC referred to AMC June 2013 -December 2015 N = 158 Imaging in regional hospital Drainage attempt in regional hospital N = 83 (53%)
Technical success 80%
Additional CT imaging AMC 41%
Additional drainage AMC 54% Adequate CT protocol 53% Bismuth information 42% Vascular information 30% Figure 1 . Overview of imaging and biliary drainage at regional centers and implications for management at a tertiary center. PHC: perihilar cholangiocarcinoma; AMC: Academic Medical Center; CT: computed tomography; FLR: future liver remnant. often requires both CT and MR imaging and asks for assessment by specialized abdominal radiologists and hepatobiliary surgeons at tertiary centers.
Remarkably, we observed that many referring physicians relied on incomplete imaging reports when deciding to attempt endoscopic stenting. These reports lacked sufficient information on tumor characteristics such as proximal bile duct involvement (Bismuth-Corlette classification). Inadequate staging in PHC is likely to lead to an inadequate biliary drainage strategy. Patients with unresectable tumors may benefit from direct placement of self-expandable metal stents instead of having to undergo prior drainage with plastic stents, as metal stents are associated with higher success rates and longer survival in palliative drainage. 21, 22 CT scans without multiphase contrast series enabling both assessment of the arterial and portal venous vasculature (as recommended by guidelines) were performed in only half of the cases. Additional imaging at our center was often required, increasing costs as well as work-up time. In addition to this, resectability assessment often is hampered by the presence of any biliary stents that have been introduced before performing adequate imaging. Because of the many pitfalls encountered in assessing resectability, this judgment should be made by a dedicated MDT consisting of specialists who frequently see and treat these patients. Given the rarity of the disease, this recommendation is widely accepted in our country. Judgment of resectability before referral was made in only a few patients in the present study.
Among all ERCP procedures, biliary stenting in malignant hilar strictures is recognized as an advanced procedure (Grade 2 of the Schutz classification) that is associated with increased risk of technical failure. 4, 23 In the present study, we observed a 20% failure rate of the initial endoscopic attempt at regional centers. These patients require additional endoscopic attempts or even PTBD, but interventional radiologists with expertise in this field may not be available in every hospital. It can be difficult to selectively cannulate the biliary tree through the endoscopic approach, especially in Bismuth type 3 and 4 tumors or when drainage of the left liver segments is preferred. 3 The sharper angle of the left hepatic duct makes selective cannulation using the endoscopic guidewire technically demanding. We observed that the majority of stents were positioned in the right liver segments.
The usual route of referral for patients with suspicion of biliary cancer in most countries starts at the general practitioner (primary care). Patients often present with silent jaundice and are usually referred to a regional hospital (secondary care) for diagnostic studies and consultation with a gastroenterologist. When PHC is suspected, patients are referred for assessment of resectability at an hepato-pancreato-biliary unit within a tertiary hospital (tertiary care). The time from clinical symptoms until eventual treatment may thus take long. However, in a previous study, no correlation was found between treatment time and resectability, occurrence of metastases, tumor stage, or survival after resection of PHC. 24 Although delay in referral and work-up for surgery may not affect oncological outcomes, it is likely that drainage-related complications, especially cholangitis, increase the operative risk. [8] [9] [10] These complications should thus be prevented by careful evaluation of the drainage strategy within a dedicated MDT.
To improve the observed discrepancy between the diagnostic work-up in regional centers and eventual treatment strategies in tertiary centers, a national multidisciplinary clinical pathway for patients with suspected PHC was recently developed in our country in collaboration with several tertiary hospitals and the Dutch Association of Comprehensive Cancer Centers. This clinical pathway further elaborates on existing guidelines and provides recommendations for early communication between physicians (prior to biliary drainage) and referral of patients to a specialized center at an early stage. Implementation will start at the end of 2016.
There are several limitations to our study. Firstly, although we included all consecutive patients with suspected PHC who were referred to our MDT within a period of two and a half years, the collected study cohort was relatively small. However, the described cohort includes patients both with unresectable and resectable tumors, and these groups are often analyzed separately in literature. Secondly, as some patients may have been managed at their local hospital without consulting a tertiary center, we are unaware of the adherence to current guidelines in those cases. In the present study, selection of difficult cases may have occurred as physicians may be more inclined to refer patients in the event of technical or therapeutic failure of drainage. Another suggestion for the selection of complex cases in this study may be the high rate of drainage-related complications observed both in the regional hospitals and tertiary centers. Furthermore, as this study was performed in only one academic center, our conclusions on the adequacy of imaging and biliary drainage in regional centers may not apply to every hospital in our country. A national audit may therefore be desirable. Thirdly, the retrospective design may have introduced reporting bias, as some outcome measures relied on the information available from reports by the referring physicians. Lastly, the recent study period did not permit sufficient follow-up time and subsequent survival analysis, although this was not the aim of the study.
In conclusion, despite available guidelines, suboptimal management of PHC persists in many regional centers and affects eventual treatment strategies. Implementation of a national multidisciplinary clinical pathway is therefore of great importance as it can potentially lead to further optimization of care in these patients.
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